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(S4> 1W: ENZYMATIC TREATMENT AND PREVENTION OF HYPERTROPHIC SKIN 

(57) Abstract . - 

The invention relates to use of at least one en- C 

zyme selected from collagenase and hyaluronidase, , V 

in admixture with at least one water soluble earner Q ^ 

composition which comprises at least one biocom- 
patible cold water soluble polymer, in the manu- 
facture of a dressing for topical application, which ~ 

includes said composition in the form of layer film 
for slow release. The dressing possesses sufficient 
flexibility and coherence, so that it can be produced 
in rolls or sheets. The invention enables (Simulta- 
neous treatment of a broad skin area, which after rnmnosition may be utilized in the form of patches comprising an 

by a thin peelable layer (8). 
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ENZYMATIC TREATMENT AND PREVENTION OF HYPERTROPHIC SKIN 

FIELD AND BACKGROUND OF THE INVENTION 
The present invention relates to a topical therapeutic: composition, a 
dressing including i. and use of enzymes in its manufacture. 

Wounds may be defined as damage to the sKin. and may be caused by 
a scratch, heat, cold, chemica, or radioactive substances, electricity, etc The 
lerm -wound" indudes burns and scars. The sKin ,s one of me most ,mportan 
sensory organs in the body and it is the body's defensive mechanism aga,ns. 
the environment. When par, o, the sKin is damaged, water, salts, proteins and 
energy are ,iable to be leaKed ou, of me body through the damaged 

penetration into the body, resulting in substantial inflammation. 

The purpose of treating wou^Js is to repair me damage caused to the 

** If the damage is restricted and local, cure will usually U*e a few days, or 
perhaps weeKs. However, » the damaged area is extens„e and severe, the 
curing process will be s,ow and sKin imp,an,a.,on and other treatments, e.g. 
drug a ministration, may well be essentia,. Often, curing wounds involve. 

evere pain, leaves scars and retires physiotherapy and/or psycholo .ca, 
Teatment; in severe cases the treatment wil, have to deal with such problems 
as bleeding, contamination, pains, poisons, water accumulate, etc. 

Man methods are currently In use for treating wounds, e.g., an.,se P .,o 

and antibiotic preparations, laser illumination, ^techniques, native enzyme 
.■ » le see for example Krantz and Cart. Pharmacological 

Treatment of Burns and Ulcers"; Goodman and Oilman. Pharmacological Basts 
of Crapeutics. Sixth Edition, 1980. pp. 964-987. Each method o, treatment 
has both its advantages and disadvantages. 

Among these method, the use o, native enzymes to treat wounds ,s 
aui ,e common. These enzymatic preparations are generally based on e.g. 
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purulent-necotic wounds and reduce .he amoun, o, pathogens,. lysozyme 
Lch d.ssolves bactena ce„ wa„s>. and/or coilagenase (which decomposes 
collagen and prevents formation of rough scars). Enzymatic preparations 
usua „y take the form o. gels, powders or liquids, which are spread on the 
wounds. The use o, native proteolytic enzymes to treat wounds ,s qu„e 
common However, this method suffers from some major shortco m ,ngs e.g. 
native enzymes are rap,d, y inactivated by inhibitors, they are unstable „ 
acueous solutions, exhibK antigen and pyrogen properties, may penetrate ,n,o 
bto od circulation and grve rise to an allergic reaction, besides being re,a„ve,y 

eXPe Tattem P «s to overcome these disadvantages, some researchers have 
covalenlly coupled various proteolytic enzymes onto polymeric beads, of 
:;l y ate,yO P 0 5 -0,mmaverege diameter. — of dextran d.idehy. 
Z« dialdehyde ceUulose. see , TurKova e, a,.. Can. Pa, ,217134 19^ 
C Flamming e, a,.. Acta Biol. Med. Ger. 31: 449 (1973). However, use ofthese 
conjugated beads for treating wounds is limited because of a number of 
dis d antages. e.g.. this method is relatively expensive, and liquid freguen t y 
„ows from the wounds and sweeps away the beads. maKing ,. neces^ o 
repe at the treatment several time, Further major shortcomings of these 
diaweyde polymers for treatment of wounds have been mentioned above. 

A method for treating wounds, developed in recent years (see SU 
Ni 17365 1981 and SU N210938, 1984), is based on covalen, binding of 
ioactive reagent, e.g. proteolytic enzymes, onto dialdehyde celluio. 
dressings and/or aldehyde polycaproamide dressings. Exemplary of such 
TZZ - those formed by acid hydrolysis o, polycaproamide, followed by 
eaction of glutaraldehyde with termina, amino groups in the hydrolysate. 
^mobilized enzyme dressings of this type soived the probiem o, the prev,ous 
^dehyde beads (i.e. they tend to be removed from the wounds b, „,u,d 
owing therefrom), but apparently still did no, solve other problems such as 
teakaoe of bound enzymes into the be* liquid and poor mechanical properties. 

The protein collagen ,s tmportan. in the wound healing process. 
However wounds, whether accdenta, or intention, (e.g. resulUng from 
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surgery) often give rise in the healing stages .0 what appears .0 be a random 
ccurnuia.ion o, tissue nch in collagen and proteoglycan. Keioids are tumors 
whic h occur in .he dermis, usua.ly .Cowing trauma, and ,hey often recur aft. 
surgicai remova,. Hypertrophic scars are tissue accumulates, 
JU* .he remova, of wh,ch is probiematic. Depressed scars resu,. from 
conLon o, the skin (e.g., in norma, healing ,o,low,ng innammatory acne), 
lhey are usua,,y both permanent and unsightly. Acne vulgaris often causes 
undesirabte scarring. Post-surgical adhesions, «*h are a commo. 
complication of surgery, and also wrinkling, ce»u,i,e formation and neoplastic 
fibrosis appear to involve excessive collagen format™. 

For convenience, undesired hypertrophic accumu.at.ons of collagen 
suoh as are described in the preceding paragraph, wil. be referred to 
collectively here.n as "hypertrophy skin accumulations". Their dissolution or 
prevention by adm,n,s,ra,ion 0, collagenase and optionally a,so hya,uron,da^ 
directly into the lesion or the affected area, in practice by inject, ,s described 
t example in U.S. 4.524.065; see also. Friedman. K. et a,.. Br, J- Dermato,.. 
1986 115:403-8. 

'mS 5 516 673 describes a process for conjugating, i.e. covalently 
bond* an amino compound such as an enzyme, .0 a polyhydroxy-polymer 
1 a sceltulose. Cher polysaccharide, or poiyviny, alcoho, The enzyme may 
be e g trypsin. <*ymotryps,n, iysozyme. collagenase or hya,uron,dase, and the 
polyl may be in .he form o, a bandage or patch, which ftnds utiMy ,n the 
treatment of wounds, including scars and bums. 

,n WO 9615236. similar ,0 U.S. 5.516.673. the polymer or its funconal 
derivative is conjugated with aoss-linked bidogically active protein, e.g. an 
Zl As before, me product may take me form of a powder, bandage or 
patch for applicalion lo wounds, including bums and scars. 

US 4 399 123 describes a product made by treating mammatian fibrous 
tissue with proteolytic enzyme „, and then with a carbohydrate-splitting er^me 
(e g. amylase, hyaluronidase or neu.amidinase). The product ,s used a 
skin tissue transplantation for permanent repair or as a temporary dressmg for 
cutaneous wounds and soft tissue ,n,uries. 
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DE 3139089 describes use of proteinaceous (e.g. collagen) sheets as 
carriers for therapeutically active non-immobilized enzymes for application to 
the skin including wound dressings. The sheets may contain hyaluronidase in 
combination with therapeutically active substances. 

In US 5,552,162, scars are treated by covering with a thermal insulating 
material, possibly containing a medicament such as a calcium antagonist, in 
order to elevate the surface temperature of the scar, and thus stimulate 

collagenase activity therein. 

Exemplary of numerous skin- or burn-treating compositions is that of US 
4,154,823, which comprises p-aminobenzoic acid, Ca d-pantothenate and 
a-tocopherol, and optionally aloe, Kava Kava and/or methyl salicylate. 

The entire disclosures of the literature and patent references mentioned 
herein are explicitly incorporated by reference in the present patent application. 

OBJECTS OF THE INVENTION 
It is a general object of the present invention to provide a therapeutic 
composition, for external use in the prevention and treatment of hypertrophic 

skin accumulations. 

Another general object of the invention is to provide such a composition 
characterized by the absence of covalent bonding between the carrier and the 
therapeutically active substance(s). 

A still further general object of the invention is to provide such a 
composition for topical administration, characterized by the fact that release of 
active substance to the desired locus of treatment is initiated and regulated by 
the action of moisture in the skin. 

Yet a further general object of the present invention relates to use of 
enzymes (and optionally other therapeutically active and/or other skin treating 
ingredients) in the manufacture of a slow-release therapeutic composition for 
prevention and treatment of hypertrophic skin accumulations. 

It is moreover an object of the present invention to provide a 
slow-release therapeutic composition for topical administration in the 
prevention and treatment of hypertrophic sk,n accumulations. 

4 
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A further object of the present invention is to provide an enzymatic 
composition having the mentioned characteristics. 

Another object of the invention is to provide such a composition in the 

form of a thin layer or film. 

Still an additional object of the invention is to provide a composition of 
the type mentioned which may be used also for skin treatment following a 
cosmetic skin operation. 

Other objects and advantages of the invention will appear from the 

description, which follows. 

SUMMARY OF THE INVENTION 
In one aspect, the present invention accordingly provides a dressing for 
topical application in the prevention and treatment of hypertrophic skin 
accumulations and which possesses sufficient flexibility and coherence, such 
that it can be produced in rolls or sheets, from which portions may be cut to a 
desired size, which dressing consists of or comprises, a layer or film of a water 
soluble composition comprising, and designed for slow release of, at least one 
active ingredient selected from collagenase and hyaluronidase. in admixture 
with at least one carrier which comprises at least one biocompatible cold water 
soluble polymer. The term "slow-release" in the present specification and 
claims means slow release of therapeutically active substance(s) from the said 
water soluble composition. 

In another aspect, the present invention provides use of at least one 
enzyme selected from collagenase and hyaluronidase, in admixture with at 
least one water soluble carrier composition which comprises at least one 
biocompatible cold water soluble polymer, in the manufacture of a dressing for 
topical application which includes said composition in the form of a layer or 
film, for slow release of said enzyme in treatment of hypertrophic skin 
accumulations and in the healing process of wounds and burns, excluding open 
wounds, provided that said dressing possesses sufficient flexibility and 
coherence, so that it can be produced in rolls or sheets, from which portions 
may be cut to a desired size. 
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,n general, the term "polymer" in the present specrfication and claims 
includes both homopolymers and copolymers. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention is illustrated in the attached drawings in which: 
F,gure 1 is a sectional depiction of an embodiment of the invention; and 
Figure 2 is a depiction in plan of a different embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The therapeutic composition useful in the invention is preferably further 
characterized by at least one of the following features: (a) the carrier is a tacky 
carrier- (b) the composition comprises additionally a pharmaceutical^ 
acceptable antioxidant, *g. at least one vitamin selected from vitam.ns C and 
E- (c) the polymer contains repeating units containing at least one function 
setected from a.coho.ic. ether and ketonic functions, e.g. a polymer se.ected 
from polyvinyl alcohol, polyvinylpyrrolidone, polyethylene glycol. 
carboxymethy.cellu.ose, agar, alginic acid and salts thereof; (d) the compos.t.on 
incorporates at least one further therapeutically active and/or other sk,n 
treating ingredient; (e) the composition contains a biocompatible water-soluble 
plasticizer, e.g., glycerol or low MW polyethylene glycol. It ,s believed that 
vitamin C and/or E may act beneficially with regard to skin metabol.sm, .n 
addition to their antioxidant activity. The further therapeutically active and/or 
skin treating ingredient(s) may be exemplified by a steroidal antiinflammatory 
agent such as prednisolone or triamcinolone acetonide and/or a non-stero.da. 
such agent e g. a scopolamine derivative, for example anisodine, or e.g. any of 
the ingredients (therapeutically active or othen*ise, taken alone or in any 
combination) specified in US 4, 1 54,823. 

,n contrast to what is described in SU N117365 and SU N210938, and .n 
U S 5 516 673 and WO 9615236, the present compositions are characterized 
inter alia by the absence of cova.ent bonding between the carrier and the 
therapeutically active substance(s). The immobilization of the enzymes ,n these 
patents is believed to be contrary to what is desirable in the treatment of 
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hypertrophic skin accumulations, as being liable to reduce the activity of active 
sites in the enzyme and to prevent mobility, whereas mobility is cons.dered 
advantageous, in the present context. 

While the present invention is not regarded as limited in scope by any 
theory it is presently believed that the enzyme molecules are bound loosely to 
the carrier possibly by Van der Waals or/and coordinate or hydrogen bonding, 
and that these bonds are slowly destroyed by the moisture released by the 
skin when the composition, which is water-soluble, is applied thereto. 

' as stated above, the invention in one aspect relates to a dressing for 
topical application in the prevention and treatment of hypertrophic skin 
accumulations. In a particular embodiment, the dressing may be configured as 
a patch of laminar construction comprising an absorbent layer supporting at 
toast one thin layer of the composition, adhered to a non-absorbent back.ng 
,ayer and being covered by a thin peelable protective layer, wherein the 
absorbent layer may optionally contain the composition. A plurality of 
therapeutically active and/or other skin-treat.ng .ngredients and/or v.tam.n C 
and/or E. when present, may be located in the same layer or film, and/or ,n 

different adjacent layers or films. 

The invention will be illustrated by the following Examples of the 

composition of the invention. 

Example 1 

High purity lyophilized collagenase (typically Sigma C0773) is 
thoroughly mixed with cold water soluble po.yviny. alcohol (Sigma P81 36). such 
that the mixture contained per ml. 500. 750 or 1000 units collagenase. 

Example 2 

Salt-free lyophilized hya.uronidase (typically Sigma H3884) is thoroughly 
mixed with co.d water so.ub.e po.yviny. a.coho. (Sigma P8136). such that the 
mixture contained per ml. 500. 750 or 1000 units hyaluronidase. 

Example 3 

The products of Examples 1 and 2 are mixed in such ratios that the 
resultant mixture contained per m.. either 250 or 500 units col.agenase, 
together with 375 units hyaluronidase. 
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Since release of the active ingredient(s) from the admixture with carrier 
is to be initiated and maintained by skin moisture at the locus of application, it 
is desirable to store the compositions of the invention, as well as any dressings 
containing them, before use, in a moisture-free atmosphere. 
Administration of the com positions of the invention 

The present invention is not directed to the treatment of open wounds. 
Rather, it is concerned with preventing scar and keloid formation in 
circumstances where they are expected to be formed, i.e. during the healing 
process of e.g. wounds and burns, as well as with treating hypertrophic skin 
accumulations already formed. In particular, the present invention enables 
amelioration of hypertrophic accumulations in connective tissue, or prevention 
of their formation. 

The composition of the invention may be, in a particular embodiment, 
configured as a single layer or multilayer dressing. In another embodiment, he 
composition may be (as a single layer or multilayer) supported on a dressing, 
which is then applied to the desired locus on the skin. Alternatively, the 
compositions may be utilized in the form of patches, e.g. as Illustrated in 
section in Fig. 1, which shows a laminar construction (in which the individual 
layers 2, 4, 6 and 8 are not necessarily drawn to scale), comprising an 
absorbent layer 4 supporting a thin layer 6 of the inventive composition, and 
adhered to a non-absorbent backing layer 2. while covered by a thin peelable 
layer 8, which is removed immediately before use. It will be evident that many 
variations of this arrangement are possible, e.g. absorbent layer 4 may contain 
and act as a reservoir for the composition, or alternatively layer 4 may be 
dispensed with altogether, the composition then being supported on backing 
layer 2, but still being protected, if desired for many practical purposes, by 
peelable layer 8. In another alternative, layer 4 may instead represent a further 
polymeric layer containing e.g. vitamin C or E, and/or a further therapeutically 
active and/or other skin treating ingredient such as at least one steroidal or 
non-steroidal antiinflammatory agent. 
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in the healing of face burns, and in which the individual items shown are not 
necessarily drawn to scale. Mask 12 has holes or slits as necessary, for the 
eyes 14, nostrils 16 and mouth 18. The composition of the invention will in a 
particular embodiment be supported on that side of mask 12 to be applied to 
the face of a patient, while in a different embodiment the mask will be 
constituted by a self-supporting single or multi-layer or film of the inventive 
composition. It will be evident that many variations in the shape and size of 
such a mask, and of the holes or slits shown therein, are possible. In section, 
the mask may have a laminar arrangement in the manner illustrated in Fig. 1. 
Alternatively, the mask may be constructed as described in the following 
paragraph. 

In a particular embodiment, the composition may be in the form of a thin 
layer or film, not necessarily requiring a backing layer. In this embodiment, 
such a thin layer or film will possess sufficient flexibility and coherence, so that 
it may be produced in rolls or sheets, from which portions may be cut to a 
desired size. It is contemplated that such a layer may be transparent, so that 
the progress of therapeutic action may be observed, and also that it may be 
molded against the skin surface. Moreover, when utilizing a tacky carrier, the 
composition will self-adhere to the locus under treatment. At the termination of 
treatment, the area of skin application may be washed to remove residual 
water-soluble polymer. 

While the compositions may be applied for similar purposes as 
described e.g. in U.S. 4,524,065, it is believed to be self-evident that the 
present invention possesses marked advantages over the method of this U.S. 
Patent, in that, for example, it provides the possibility of treating a broad area 
of the skin at one time, contrasted with injection which depends on 
questionable diffusion from the injected site. Moreover, the requirement for 
repeated injections in U.S. 4,524,065 would place a strain on patient 
compliance, which is much less likely to arise in the present method. 
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While particular embodiments of the invention have been particularly 
described above, it will be apparent to skilled persons that the present 
invention is not limited thereto, since many modifications or variations can be 
made within the scope of the claims which follow. 
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CLAIMS 

! A dressing for topical application in the prevention and treatment of 
hypertrophic skin accumulations and which possesses sufficient flexibility and 
coherence, such that it can be produced in rolls or sheets, from which portions 
may be cut to a desired size, which dressing consists of or comprises, a layer 
or film of a water soluble composition comprising, and designed for slow 
release of, at least one active ingredient selected from collagenase and 
hyaluronidase, in admixture with at least one carrier which comprises at least 
one biocompatible cold water soluble polymer. 

2. A dressing according to claim 1, wherein said composition is further 
characterized by at least one of the following features: 

(a) said carrier is a tacky carrier, 

(b) said composition comprises additionally a pharmaceutical^ acceptable 
antioxidant. 

(c) said polymer contains repeating units containing at least one function 
selected from alcoholic, ether and ketonic functions; 

(d) said composition incorporates at least one further therapeutically active 
and/or other skin treating ingredient; 

(e) said composition contains a biocompatible water-soluble plasticizer. 

3. A dressing according to claim 1, wherein said composition is further 
characterized by at least one of the following features: 

(a) said carrier is a tacky carrier; 

(b) said composition comprises additionally at least one vitamin selected 
from vitamins C and E; 

(c) said polymer is selected from polyvinyl alcohol, polyvinylpyrrolidone, 
polyethylene glycol, carboxymethylcellulose. agar, alginic acid and salts 
thereof; 

(d) said at least one further therapeutically active ingredient is selected from 
steroidal and non-steroidal antiinflammatory agents. 

(e) said biocompatible water-soluble plasticizer is selected from glycerol 
and low MW polyethylene glycol. 

11 
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4 A dressing according to claim 1, which is configured as a patch of 
laminar construction comprising an absorbent layer supporting a thin layer of 
said composition, the absorbent layer being adhered to a non-absorbent 
backing layer, and being covered by a thin peelable protective layer, wherein 
the absorbent layer may optionally contain said composition. 

5. A dressing according to claim 4, which is further characterized by at 
least one of the following features: 

(a) said carrier is a tacky carrier; 

(b) said composition comprises additionally a pharmaceutical^ acceptable 
antioxidant. 

(c) said polymer contains repeating units containing at least one function 
selected from alcoholic, ether and ketonic functions; 

(d) said composition incorporates at least one further therapeutically active 
and/or other skin treating ingredient; 

(e) said composition contains a biocompatible water-soluble plasticizer. 

6. A dressing according to claim 4, which is further characterized by at 
least one of the following features: 

(a) said carrier is a tacky carrier; 

(b) said composition comprises additionally at least one vitamin selected 
from vitamins C and E; 

(c) said polymer is selected from polyvinyl alcohol, polyvinylpyrrolidone, 
polyethylene glycol, carboxymethylcellulose, agar, alginic acid and salts 
thereof; 

(d) said at least one further therapeutically active ingredient is selected from 
steroidal and non-steroidal antiinflammatory agents. 

(e) said biocompatible water-soluble plasticizer is selected from glycerol 
and low MW polyethylene glycol. 

7. A dressing according to any one of the preceding claims, which is 
configured as a face mask. 
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8 use of at least one enzyme selected from collagenase and 
hyaluronidase, in admixture with at least one water soluble earner composition 
which comprises at least one biocompatible cold water soluble polymer, .n the 
manufacture of a dressing for topical application which includes sa.d 
composition in the form of a layer or film, for slow release of said enzyme .n 
treatment of hypertrophic skin accumulations and in the healing process of 
wounds and burns, excluding open wounds, provided that said dress.ng 
possesses sufficient flexibility and coherence, so that it can be produced .n 
rolls or sheets, from which portions may be cut to a desired size. 

9 . use according to claim 8. which is further characterized by at least one 
of the following features: 

(a) said carrier is a tacky carrier; 

(b ) said composition comprises additionally a pharmaceutical^ acceptable 
antioxidant. 

( c) said polymer contains repeating units containing at least one functaon 
selected from alcoholic, ether and ketonic functions; 

(d) said composition incorporates at least one further therapeutically act.ve 
and/or other skin treating ingredient; 

( e) said composition contains a biocompatible water-soluble plasticizer. 

10 . Use according to claim 9. which is further characterized by at least one 
of the following features: 

{a) said carrier is a tacky carrier; (b) said composition compnses 
additionally at least one vitamin selected from vitamins C and E; (c)said 
polymer is selected from polyvinyl alcohol, polyvinylpyrrolidone, polyethylene 
gjyco. carboxymethy.ce.lu.ose, agar, alginic acid and salts thereof; (d) the 
composition contains a biocompatible water-soluble plasticizer. (e) sa.d at least 
one further therapeutically active ingredient is selected from steroidal and 
non-steroidal antiinflammatory agents.(f) said biocompatible water-soluble 
plasticizer is selected from glycerol and low MW polyethylene glycol. 
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